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Abstract

	
  
Rybak, Tiffany Mary. M.S. The University of Memphis. August/2015. Longitudinal
Relations of Infant Feeding Practices and Growth during the First Two Years of Life
among Predominantly African-American and Low Income Families. Major Professor:
Kristoffer S. Berlin, Ph.D.
	
  
Profiles of mothers’ perceptions of infant (ages 4 weeks and 12 months) feeding
practices served as predictors of differences in growth and adiposity, controlling for sex,
race, and income. Participants were an urban sample of mothers and infants (N = 1,280),
generally at risk for pediatric obesity. Latent profile analysis was used to determine
profiles across the first year (at 4 weeks and 12 months). A manual BCH approach was
used to relate profiles to growth and adiposity at 12 and 24 months, controlling for sex,
race, and income. A three-class model of infant feeding practices was selected reflecting
awareness of infant cues coupled with concern about infant weight. There were no
statistically significant relations between latent profiles and growth and adiposity. As a
comprehensive and longitudinal study using a novel person-centered approach, key
observations about patterns of feeding practices were found that can be targeted for
prevention of pediatric obesity.
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Longitudinal Relations of Infant Feeding Practices and Growth during the First Two
Years of Life among Predominantly African-American and Low Income Families
The prevalence rates of pediatric obesity (i.e., Body Mass Index [BMI] > 95th
percentile) and overweight (i.e., BMI > 85th percentile < 95th) have increased
dramatically within the past three decades among children 2 to 18 years old (Ogden,
Carroll, Kit, & Flegal, 2014; Wang & Lobstein, 2006). Although studies have reported
these rates as stabilizing, they still remain alarmingly high with 16.9% at or above the
95th percentile and 31.8% at or above the 85th percentile (Ogden et al., 2014). Children
with obesity are at risk for developing diabetes, hypertension, hyperlipidemia, asthma,
and sleep apnea (American Academy of Pediatrics, 2003). Furthermore, when obesity
persists into adulthood it puts individuals at greater risk for heart disease, stroke, liver
disease, osteoarthritis, and certain types of cancers (US Department of Health and Human
Services, 2001) than adults who are not obese. Finally, the associated health care costs
are estimated at 147 billion dollars annually (Finkelstein, Trogdon, Cohen, & Dietz,
2009).
Obesity during early childhood is associated with higher risk for being obese
during adolescence and adulthood compared to children who are not obese during early
childhood. One recent study found that children who were at or above the 85th percentile
for weight upon entering Kindergarten had a 25% probability of being obese at age 14
(Cunningham, Kramer, & Narayan, 2014). This probability increased to 47% for children
at or above the 95th percentile (Cunningham et al., 2014). Moreover, a systematic review
found that overweight and obesity status during childhood (i.e., 1-12 years) was often
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associated with adult obesity (relative risk ratios ranging from 1.9 to 10.1; Singh, Mulder,
Twisk, van Mechelen, & Chinapaw, 2008).
Early Environment Influences
There are many interacting multisystemic factors that contribute to the
development, progression, and maintenance of obesity (Davison & Birch, 2012; Huang,
Drewnowski, Kumanyika, & Glass, 2009). Given the association between rapid weight
gain (i.e., abnormal accelerations in weight-for-length measurements) during infancy and
obesity in early childhood, early environmental influences are an important area for
further inquiry. Infants on the highest end of the distribution for weight-for-length or
body mass index are at increased risk for being obese in childhood and adolescence (for
systematic review, see Baird, Fisher, Lucas, Kleijnen, Roberts, Law, 2005). Studies have
consistently demonstrated that infants who exhibit rapid weight gain are also at
significantly increased risk for obesity across the lifespan, with reported odds ratios
ranging from 1.06 to 5.70 for later obesity in children who experienced rapid growth as
infants (Baird et al., 2005; Hui et al., 2008; Kitsantas & Gaffney, 2010; Stettler et al.,
2002; Stettler, Zemel, Kumanyika, & Stallings, 2002). The risk for obesity is further
exacerbated for low-income minority children living in urban areas who experience rapid
weight gain as infants, with odds ratios increasing to 9.24 (Goodell, Wakefield & Ferris,
2009). Rapid weight gain appears to permanently influence a child’s metabolism by
altering their sensitivity to insulin, which results in high body fat mass (Robinson, Yardy,
& Carter, 2012).
Parents play an instrumental role in an infant’s growth because they provide the
structure and context for energy intake (Berlin, Davies, Lobato, & Silverman, 2009).
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Responsive feeding (i.e., caregivers’ awareness of infants’ hunger and satiety cues,
accurate interpretation of those cues, and appropriate responses) enhances an infant’s
healthy growth and eating (DiSantis, Hodges, Johnson, & Fisher, 2011).
The Interplay of Infant Development and Changes in Infant Feeding Practices
Infants experience tremendous growth and development within the first year of
life, reflected in the transitions of feeding and eating during this time. Feeding, optimal
growth, and development depend on the interaction of an infant’s ability to attend to and
communicate hunger and satiety cues, and parents’ ability to discern and appropriately
respond to these cues (Berlin et al., 2009; Satter 1986, 1996, 1995, 2004, 2007). This
interaction assumes that infants’ ability to attend to hunger and satiety cues vary
considerably, in part, due to the bidirectional influence of the kinds of feeding
environments provided by caregivers.
Typical developmental trajectories suggest that from birth to four months of age,
infants are trying to achieve homeostasis and are equipped with skills and abilities to
facilitate this. Infants exhibit a rooting reflex that allows the infant to locate the source of
the food and react by opening his/her mouth. They also exhibit a sucking/swallowing
reflex, which allows infants to swallow liquids, but push out most solid objects (Carruth
& Skinner, 2002). During the first few months of life, infants’ hunger cues consist of
waking and tossing, sucking on fist, crying or fussing, and opening mouth, while their
satiety cues consist of sealing lips together, turning head away, decreasing/stopping
sucking, and spitting out nipple or falling asleep (Carruth & Skinner, 2002; Carruth,
Ziegler, Gordon & Hendricks, 2004). At 6 months of age, infants are often introduced to
solid foods and between 9 and 12 months of age, infants are able to eat ground, chopped,
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or small pieces of soft food (Carruth & Skinner, 2002). They also begin to experiment
with using a spoon, but often prefer to self-feed with hands. Their hunger and satiety cues
are more clear and discernable; for instance, when they are hungry at 9-12 months of age
they begin reaching for food, pointing to food, and expressing excitement when food is
present while satiety cues at this age include eating slower, pushing food away, and
shaking head to say “no more” (Carruth & Skinner, 2002; Carruth et al., 2004).
Equipped with these reflexes, and hunger and satiety cues, infants must rely on
caregivers to provide food, structure, and context for eating (Berlin et al., 2009; Satter,
1995). Responsive feeding, defined in the literature as caregivers’ “prompt, contingent,
and developmentally appropriate responses” to infants’ hunger and satiety cues, early in
life is posited to contribute to an infant’s optimal growth and development (DiSantis et
al., 2011; Wright, Fawcett, & Crow, 1980). In contrast, by the end of the first year,
infant’s feeding and eating skills have developed significantly and parents may establish
different structures around when meals are provided. Caregivers are responsible for
providing wholesome food and a pleasant environment during mealtimes while
supporting the infant’s autonomy for deciding what and how much of the food provided
to eat (Satter, 1996).
Taking into consideration the tremendous development related to energy intake
that occurs for infants during the first year, caregivers must adjust feeding practices
accordingly. For example, parents are encouraged to breastfeed or formula feed solely
until the infant is 6 months of age, after which solid foods can be introduced (Committee
on Nutrition, 1980, 1998). Additionally, responsive feeding is recommended, but parents
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may introduce more structure and begin feeding on a schedule as infants are introduced to
solids (Kent et al., 2006; Taveras et al., 2004).
Research on Perceptions of Infant Feeding Practices
Breastfeeding, one of the most commonly researched areas of early feeding, has
been reported as a small but consistent protective factor against childhood obesity (Arenz
et al., 2004; Gubbels, Thijs, Stafleu, van Buuren, & Kremers, 2011). Each month of
breastfeeding is associated with a four percent reduction in risk of childhood obesity
(Singhal & Lanigan, 2007). Researchers posit that because breast milk contains leptin, a
hormone that stimulates satiety, it regulates appetite and suppresses overeating (BMA,
2009). Others argue breastfeeding promotes an infant’s internal regulation relative to
bottle-feeding because there are fewer external cues (e.g., empty vs. full bottle) to signal
mothers about the amount consumed (Kent et al., 2006; Satter, 2000). However, recent
research conducted comparing siblings who were breastfed to siblings who were not,
found no significant difference in body mass index (Colen & Ramey, 2014). This
research suggests that the positive effects of breastfeeding found in previous studies may
be attributable to differences in characteristics of caregivers who choose and are able to
breastfeed, rather than the act of breastfeeding alone. Therefore, it’s important to consider
other feeding practices that vary across families in order to parse out what else may be
contributing to the development of adiposity in children.
With the exception of research on breastfeeding, the majority of existing research
on feeding practices has focused on children over 4-years-old; consequently few studies
exist including infants during a time when feeding practices can nurture or impede the
development of regulatory capacity and autonomy (Carnell & Wardle, 2007; Faith et al.,

5	
  

2004; Kral et al. 2007). The limited research on infant feeding practices provides some
important foundation from which future studies can build. Theoretical models of infant
feeding suggest that parent’s prompt and appropriate responses to infant-feeding cues are
essential for facilitating self-regulation of energy intake (Berlin et al., 2009; Wright et al.,
1980). Bio-behavioral research provides evidence that (1) individuals become less
sensitive to internal cues and are less likely to adjust or compensate their intake based on
these and (2) as individuals age, they become increasingly sensitive to external cues
(Berlin et al., 2009; Levitsky, 2005). Furthermore, research suggests that higher levels of
maternal control during feeding are associated with greater weight gain in infants and
toddlers (Brown & Lee, 2011; Farrow & Blissett, 2006). Additionally, a lack of
awareness or sensitivity to infant’s satiety cues was associated with increased weight gain
from 6 to 12 months of age (Worobey, Lopez, & Hoffman, 2009). Research on feeding
styles among 3 to 5 year old children from low-income minority families, suggests that
an authoritarian feeding style was associated with significantly lower zBMIs compared to
an indulgent feeding style (Hughes, Power, Fisher, Mueller, & Nicklas, 2005). The
directionality of this relation is unclear, as some evidence exists suggesting that
controlling feeding practices appears to be a response to perception of a child’s weight
problem rather than a cause (Rhee et al., 2009). To date, research in this area has merely
examined isolated components of feeding practices, often not taking into account the
interacting effects of various infant feeding practices or contributing factors that likely
impact a caregiver’s feeding practices (e.g., beliefs, background, and resources).
The Infant Feeding Questionnaire by Baughcum and colleagues (2001) was
developed as a tool to assess maternal feeding practices and beliefs during the first year
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of an infant’s life measuring the following constructs: (1) concern about infant hunger,
(2) awareness of an infant’s hunger and satiety cues, (3) concern about infant overeating
or becoming overweight, (4) concern about infant undereating or becoming underweight,
(5) feeding infant on a schedule, (6) using food to calm an infant’s fussiness, and (7)
social interaction during feeding. Baughcum and colleagues (2001) found that mothers of
infants who were overweight were significantly more concerned about their infants
overeating or becoming overweight compared to mothers of non-overweight infants (d =
0.58). Mothers who were obese and mothers in the low-income group reported more
concern about infant’s hunger relative to mothers who were not obese and mothers who
were not in the low-income group (d = 0.41, d = 0.91). Additionally, mothers who were
obese also reported more concern about infant undereating or being underweight relative
to mothers who were not obese (d = 0.34; Baughcum et al., 2001). Interestingly, no other
factors predicted overweight of the children at 2 years. The cross-sectional nature of the
study was a significant limitation. Although the sample studied was diverse in terms of
socioeconomic status, 77% of children were Caucasian, therefore it was not
representative of populations most at risk for pediatric obesity (Wang, 2011; Wang &
Beydoun, 2007). Given the heterogeneity of infant feeding practices, an alternative
approach to examining infant feeding practices is warranted to explore the cumulative
interactive effects by partitioning the sample into more homogenous subgroups
determined by a combination of feeding practices. Understanding risk factors that
contribute to a greater likelihood of pediatric obesity among various subpopulations is
important to provide context for how various mechanisms are influenced; therefore health
disparities among pediatric obesity will be briefly reviewed.
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Pediatric Obesity Disproportionally Affects Girls, African Americans, and Low SES
Families
Most recent prevalence studies found that girls between birth and 2 years of age
were 2.45 times more likely than boys to be above the 95th percentile and 3.41 times
more likely to be above the 97th percentile for weight-for-length (Ogden et al., 2014).
Additionally, although most recent prevalence studies show a significant decrease in rates
of obesity among 2 to 5 year olds from 2009-2010 to 2011-2012 (12.1% to 8.4%
respectively; Ogden et al., 2014), rates of pediatric obesity in this age group are
disproportionately high among African American children (Ogden et al., 2014;
Shrewsbury & Wardle, 2008). More specifically, when compared to their same aged
white counterparts, the odds of African American children from 2 to 5 years old having
BMIs > 95th percentile have increased from 3.21 to 3.51 in recent years (Ogden, Carroll,
Kit, & Flegal, 2012; Ogden et al. 2014). Despite nationwide trends of stabilizing obesity
rates, this increase in odds ratios suggests a growing disparity, particularly for African
American children. Additionally, longitudinal studies have shown that AfricanAmericans who were obese during childhood were more likely than White children to
remain obese as adults (odds ratio = 2.3; 83% and 68%, respectively; Freedman et al.
2005).
Disparities among socioeconomic (SES) levels also exist in relation to pediatric
obesity (Wang, 2011; Wang & Beydoun, 2007). According to a systematic review of
studies examining SES and adiposity from 1990-2005 by Shrewsbury and Wardle (2008),
an inverse relation between SES and adiposity was found. Compared to children in the
highest SES groups, odds ratios for adiposity among children in the lowest SES groups
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ranged from 1.30 to 6.70 (Shrewsbury & Wardle, 2008). However, the study by
Shrewsbury and Wardle (2008) did not examine the differential effects of SES by race
and sex, posing a significant limitation as current research recognizes that SES may
influence adiposity differentially in relation to other demographic factors.
Socioeconomic status is an index derived from multiple factors, most commonly
income, education, and occupation; but research suggests that these factors act through
different pathways to impact risk for obesity and may not be consistent across cultural
and ethnic groups (Banks, Berlin, Rybak, Kamody, & Cohen, in press; Drewnowski &
Specter, 2004). Banks and colleagues (in press) reported that race, sex, and the
interaction between the two differentially influence the relation between SES and
children’s standardized body mass index. These demographic distinctions are thought to
confer risk differentially due to differences in interpersonal, organizational, community
and public policy factors (Caprio et al., 2008). Some researchers posit that unequal
privileges and access to resources may offer an explanation for why disparities in obesity
exist after controlling for income and education (Gordon-Larsen, Adair, & Popkin, 2003).
Access to resources and services may not be equivalent across population subgroups for a
given level of income or education. In fact, some evidence suggests African Americans in
the same bottom quintile as Whites, had 400 times less the amount of accumulated
resources (Caprio et al., 2008).
There is significant overlap between communities with high rates of obesity and
communities with poverty, fewer resources, and greater food insecurity (Larsen & Story,
2011). Despite the support of the Special Supplemental Food Program for Women,
Infants and Children (WIC), food insecurity (i.e., limited access to or uncertain
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availability of nutritionally adequate foods) remains as high as 37% for families
participating in these programs (Gross, Mendelsohn, Fierman, Racine, & Messito, 2012;
Larsen & Story, 2011). Families reporting food insecurity consume more low-cost, highenergy-dense foods and have fewer food supplies (Gross et al., 2012). Additionally,
Gross and colleagues (2012) found that food-insecure mothers exhibited more restrictive
and pressuring feeding styles and that this relation was mediated by concern about infant
becoming overweight.
In summary, understanding patterns and predictors of early weight gain is critical
for developing public policies and targeted prevention strategies. Furthermore, research
on pediatric obesity must extend beyond just describing differences in prevalence rates
among different racial and ethnic groups and socioeconomic levels, and move toward
identifying individual factors contributing to African American and low-SES families’
greater risk for pediatric obesity (Fisher et al., 2002; Helms et al., 2005).
Current Study
The current study extends previous research by examining perceptions of infant
feeding practices longitudinally, in an urban sample of infants who are at elevated risk for
pediatric obesity (e.g., African American children and children from low-income
families). Overall, this study examines varying patterns of feeding practices during the
first year and how different patterns of feeding practices relate to infants’ growth and
development of adiposity, while controlling for potential confounds. Multiple steps were
taken to address this question. Specifically, the first aim of our study was to determine if
differential patterns of feeding practices exist during the first year (i.e., at 4 weeks and at
12 months). By taking a person-centered analytic approach, this study examines the
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differential impact of patterns of variables that interact and vary across smaller more
homogeneous groups in the sample (see Berlin, Williams, & Parra, 2014). For our second
aim, this study examines race, sex, and income level as potential predictors of patterns of
perceptions of infant feeding practices. Significant predictors of these patterns were
controlled when examining how patterns of change in feeding practices relate to
outcomes. In the final step, we examine the varying patterns of perceptions of infant
feeding practices (i.e., profiles) as predictors of differences in growth and development of
adiposity over time, cross-sectionally from birth to 12 months and longitudinally from 12
to 24 months, while controlling for significant predictors of classes. In short, our goal is
to better understand patterns of feeding practices throughout infancy and their relation to
the development of adiposity, so that we can develop more effective prevention programs
for children at risk for obesity.
Method
Participants
Participants were pregnant mothers (N =1,280) and their infants recruited from
Shelby County, Tennessee, for a longitudinal cohort study of human development from
pregnancy to age 3 – the Conditions Affecting Neurocognitive Development and
Learning in Early Childhood Study (CANDLE). Demographically, CANDLE participants
correspond closely to the Shelby County Census. Sixty-six percent of mothers are
African American, 31% Caucasian, and 3% other minorities. Sixty-three percent of the
participants reported being single mothers. Majority of mothers (56%) reported
completing high school, technical school, or having some college, 12% percent have less
than high school education, 20% have a bachelor’s degree, and 11% have a graduate or
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professional degree. Additionally, majority of mothers (58%) comprised the low-income
category, reporting less than $35,000 a year, 18% are middle-income ($35,000-$74,999),
15% are high-income (>75,000), and 9% are unknown.
For the present study, the inclusion criteria were as follows: African American or
Caucasian race, being a resident of Shelby County, Tennessee, able to speak and
understand English, maternal age 16-40 years, 16-28 weeks of gestation, singleton
pregnancy, intention to deliver at 1 of 4 participating hospitals, and absence of several
complications, specifically, absence of chronic disease requiring medication (e.g.,
hypertension, diabetes, sickle cell disease or trait, renal disease, hepatitis, lupus,
pulmonary disease, heart disease, human immunodeficiency virus), oligohydramnios,
preeclampsia, placental abruption, and cervical cerclage.
Sampling Procedures
Pregnant women were recruited via advertising and brochures in local gynecology
clinics. Out of every 2.5 women screened, one was invited to participate; 92% of those
invited participated. Informed Consents were signed by all participants 18 years of age or
older and assent was obtained from mothers who were 16-17.9 years of age, along with
consent from their legally authorized representative.
Procedures
Data Collection. For the purpose of this study, data gathered from mother-infant
dyads at multiple times and across various settings, as part of the CANDLE study were
used. Specifically, infant feeding data were collected at a home visit approximately
during the infant’s fourth week, and at and clinic visits at 12 months. Additionally,
weight and length were collected at birth, 12 months and 24 months.
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Measures. Demographic information such as infant’s sex, participants’
race/ethnicity, level of family income were collected as part of the Demographics Survey
at enrollment, 12-month, and 24-month clinic visits. These variables will be included in
the study as predictors of infant feeding profiles and covariates.
Lengths and weights of infants were measured at birth, 12 months, and 24 months
during clinic visits. The measurements at 12 months and 24 months will be converted to
weight-for-recumbent length z-scores, using the LMS method according to the U.S.
Center for Disease Control and Prevention (CDC) growth charts (Flegal & Cole, 2013).
Additionally, the weight-for-length z-scores at 24 months will be converted into
percentile categories to correspond weight-for-length-based weight status (CDC, 2009).
Continuous weight-for-length at 12 months, 24 months, change in weight-for-length
(from birth to 12 months and from 12 months to 24 months), and weight status at 24
months will serve as dependent variables in the present study.
The Infant Feeding Questionnaire (IFQ) measures maternal practices and beliefs
that are associated with infants later being overweight in early childhood (see Appendix
A for complete measure; Baughcum et al., 2001). This self-report measure was collected
during home visits when the infant was 4 weeks and 12 months of age. The measure
assesses for seven different feeding-related constructs: (1) Concern about Infant
Undereating or Becoming Underweight, (2) Concern About Infant’s Hunger, (3)
Awareness of Infant’s Hunger and Satiety Cues, (4) Concern About Infant Overeating or
Becoming Overweight, (5) Feeding Infant on a Schedule (6) Using Food to Calm Infant’s
Fussiness, and (7) Social Interaction with the Infant During Feeding. In the measure
development study, the factor structure was evaluated using an exploratory factor
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analysis; the final factor structure closely aligned with the proposed factor structure and
accounted for 61% of the variance. The internal consistencies of each factor ranged from
.24 to .74, with the three factors comprised of only two items each having the lowest
internal consistencies. The seven factors had interfactor correlations ranging from .01 to
.22, suggesting they were not highly related to each other. The IFQ could not be
compared to constructs in other measures because it is the first of its kind to examine
these specific feeding practices during the first year of life.
Analytic Plan
Latent Growth Curve Modeling of Weight-for-Length Z-Scores
Latent Growth Curve Modeling (LGCM) with robust full information maximum
likelihood estimation (Robust FIML) was used to model change in weight-for-length zscores (Berlin, Parra, & Williams, 2014; Preacher, Wichman, MacCallum, & Briggs,
2008). This estimation method handles departures from normal distributions (via
adjustments to the standard errors and chi-square test statistics) and missing data by using
observed responses to supplement the loss of information. Robust FIML has been show
to yield unbiased estimates of parameters and standard errors (Little, Jorgensen, Lang &
Moore, 2014). LGCM varies from conventional repeated measure analyses because it is
capable of describing individual differences in a developmental trajectory (Berlin, Parra,
& Williams, 2014). Previous research with these data have found that a piecewise model
provided the best fit for modeling weight-for-length z-scores from birth to 12 months and
12 to 24 months (Berlin, 2013). Each individual’s intercepts and slopes were exported
and used as dependent measures in a regression where patterns of IFQ factors serve as
predictors.
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Latent Profile Analysis of IFQ Factors
In order to describe varying patterns of change in feeding practices collectively,
reflecting our first aim, Latent Profile Analysis (LPA) was used. LPA is a flexible
approach that allows parameters to vary across classes, permitting predictors of the
variability across classes to be examined (Berlin et al., 2014, 2014). Infant Feeding
Questionnaire (IFQ) factors were used as latent indicators in the LPA. An exploratory
approach to determining model specification was used, (i.e., additional classes will be
estimated until a statistically proper and/or practical solution is no longer obtained). The
best fitting model for describing varying classes of change in IFQ factors was tested and
selected separately based on theory and goodness-of-fit statistics. The models were
compared on various forms of fit-statistics including: the Bayesian Information Criteria
(BIC; Schwarz, 1978) and Akaike Information Criteria (AIC; Akaike, 1987), where lower
values on the AIC indicates better model fit and BIC differences of negative 0-2, 2-6, 610, and >10 are respectively considered weak, positive, strong and very strong evidence
against one model over another (Kass & Raftery, 1995; Raftery, 1995). Another fit
statistic used was entropy, where higher values indicate greater classification accuracy
(Berlin et al., 2014). Variable specific entropy was also used to indicate how much each
latent class indicator contributes to classification of individuals in classes (Asparouhov &
Muthen, 2014). Finally, models within each time point were compared to neighboring
class models using the Lo-Mendell-Rubin test (LMR; Lo, Mendell, & Rubin, 2001) and
the Bootstrap Likelihood Ratio Test (BLRT; McLachlan & Peel, 2000) to assess for
statistically significant improvement in fit for the inclusion of one more class. Using
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these comparative fit statistics and feasibility of interpretation, the best model was
determined.
Examining Significant Predictors of Classes
For our second aim, we examined how various hypothesized factors (e.g. race,
income level, and sex) differentially predict classes using the R3STEP method
(Asparouhouv & Muthén, 2013; Vermunt, 2010). This method is used to predict latent
class membership via classification-error corrected logistic regression. After determining
which covariates are significantly related to classes, we included them in the final model
examining the relation between classes and dependent measures of growth and adiposity
using a manual BCH procedure (Asparouhov & Muthén, 2014).
Examining Patterns of Feeding Practices in Relation to Growth & Adiposity
Our final aim examined how these different classes of changes in feeding
practices related to changes in growth and adiposity, as well as obesity status, controlling
for significant predictors of classes. Since covariates were necessary, a manual version of
the BCH method (Vermunt, 2010; Asparohouv & Muthén, 2014) was used to examine
the equality of means across latent classes for given dependent variables (i.e., auxiliary
variables). This method uses a weighted multiple group analysis to account for varying
probabilities of class membership and is less susceptible to class shift when auxiliary
variables are added in (Asparahouv & Muthén, 2014). The weight-for-length z-scores at
12 months and at 24 months, in addition to the growth model intercepts and slopes (e.g.,
the rate of change), and weight-for-length status at 24 months were used as dependent
measures. More specifically, the BCH method was used to assess whether specific
patterns (i.e., profiles) of changes in feeding practices during the first year of life predict
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differences in weight-for-length means at each time point,	
  the rate of change between
each time point, and/or weight-for-length status.
Results
In the estimation stage, several latent profile models were fit to the data, specifying
one through five latent profiles. The log-likelihood of five class model did not replicate
despite several attempts of increasing amounts of random starts. The information criteria,
entropy, and likelihood ratio tests used to determine the best fitting model for one
through four latent profiles are presented in Table 1. The information criteria indices
(AIC, BIC) suggested that the four-class model or greater was preferred and the LMR test
suggested that the two or four class models were preferred (Kass & Raftery, 1995;
Raftery, 1995); however, the BLRT appeared to suggest the four class model was best.
Upon further inspection, the four profile model included one small group (N = 47),
representing 3.6% of the sample, and was nearly identical to another profile, only with
less extreme scores. In other words, it represented a smaller class with scores on
indicators in between two sufficiently larger classes. Taking in to consideration, the
statistical preference of the BLRT over the LMR test (Nylund, Asparouhov, & Muthen,
2007), the resemblance of the three and four class models, and the three-class model
having the next lowest information criteria, the three-class model was chosen.
Descriptions of Latent Profiles
The three-profile model is depicted in Figure 1. The largest class was named
Consistent High Awareness of Infant Cues + Low Concern (HA + LC; n= 999; 78.1% of
sample) and characterized by high awareness of infant hunger and satiety cues and low
concern about infant hunger, infant being overweight, or infant being underweight at 4

17	
  

weeks and 12 months. The second largest class was named Consistent Lower Awareness
of Infant Cues + Concern about Infant Under- or Overweight (LA + CAIW; n = 150;
11.7%) and characterized by the lowest level of awareness of infant cues among the three
profiles and greatest concern about infant underweight and overweight at both time
points. The third class was named Consistent Concern about Infant Hunger (CAIH; n =
131; 10.2%) and characterized by the greatest level of reported concern about infant
hunger compared to the other two profiles at both 4 weeks and 1 year. Variable specific
entropy indicated that Awareness of Infant Cues and Concern About Infant Hunger at
both time points (4 weeks and 1 year) and Concern about Infant Being Overweight at 1
year appeared to contribute the most to the classification of individuals in classes (see
Table 2). The indicators emphasized in each profile name have the most distinguished
variations among classes, but Figure 1 depicts the variations for all indicators among
profiles.
Concern about infant underweight, awareness of infant cues and concern about infant
overweight at both time points significantly differed across all three profiles (see Table 3
for specific comparisons). Concern about infant hunger at 12 months significantly
differed across all three profiles, as well, but did not differ between LA+CAIW and
HA+LC profiles at four weeks. Additionally, using food to calm infant fussiness was
significantly greater in the CAIH profile compared to the HA+LC profile at both 4 weeks
and 12 months. Mothers reported feeding infants on schedule significantly more in the
HA+LC profile compared to the LA+CAIW profile at 4 weeks; however, they reported
feeding infants on a schedule significantly less than the LA+CAIW and CAIH profiles at
1 year. Mothers in the CAIH profile and HA+LC profiles reported significantly greater
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social interaction at four weeks compared to mothers in the LA+CAIW profile; however,
at 12 months mothers in the HA+LC profile reported the greatest social interaction during
feeding compared to the CAIH and LA+CAIW profiles.
Latent Profiles & Socio-Demographic Predictors
Table 4 provides information on the socio-demographics for each of the three
profiles separately. Two profiles (LA+CAIW and HA+LC) did not differ with regard to
socio-demographic predictors. However, the CAIH profile differed significantly from the
other two profiles with regard to race and income, such that individuals with lower
annual incomes were more likely to be classified in the CAIH profile compared to
LA+CAIW and HA+LC profiles (see Table 5). Additionally, mothers who are African
American were more likely to be classified in the CAIH profile compared to LA+CAIW
and HA+LC profiles. As such race and income will be included as predictors in the
remaining model as covariates.
Predictors of Infant Feeding Profiles & Infant Growth and Adiposity
The BCH model presented in Table 6 examined how predictors of classes (i.e.
covariates) related to outcomes separately for each class. Sex, race, and income did not
significantly predict weight-for-length at 12 months, 24 months, or the change in weightfor-length from birth to 12 months and 12 months to 24 months in the LA+CAIW profile.
Sex was the only significant predictor of weight-for-length at 12 months and 24 months
and change in weight-for-length from 12 months to 24 months in the HA+LC profile,
such that being a girl predicted significantly lower weight-for-length at 12 and 24
months, and also less change from 12 months to 24 months in weight-for-length
compared to boys, holding all other variables in the model constant. Lastly, in the CAIH
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profile, race significantly predicted weight-for-length at 12 months and 24 months, such
that being Black significantly predicted lower weight-for-length at both time points,
holding all other variables in the model constant.
Infant Feeding Profiles in Relation to Infant Growth and Adiposity
There were no significant relations between latent profiles and weight-for-length
z-scores, change in weight-for-length z-scores from birth to 1 year or 1 year to 2 years, or
weight categories at 2 years, while controlling for significant predictors of classes (see
Table 8). In general, the LA+CAIW had greater weight-for-length z-scores compared to
the other groups, however these differences were not significant while controlling for
race, income, and sex (see Table 7). Based on r-squared statistics presented in Table 9,
the covariate regression models (using sex, race, and income) did not account for
significant proportions of the variance, except the weight-for-length at 24 months for the
HA+LC class (r2= 0.020, S.E. = 0.009, p = 0.033). Effect sizes were manually converted
to r-squared estimates to determine the proportion of variance in outcomes contributed by
differences in infant feeding practice profiles (see Table 10).
Discussion
The purpose of this study was to describe comprehensive and individually varying
patterns of perceptions of infant feeding practices during the first year of life and examine
how they relate to growth and adiposity at 12 months and 24 months among a population
at risk for pediatric obesity (i.e., low income families and African American families).
Understanding early environmental influences and risk factors for pediatric obesity is
critical considering that infants on the highest end of the distribution for weight-forlength and infants who experience rapid weight gain are at greater risk for pediatric
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obesity (Baird et al. 2005; Hui et al., 2008; Kitsantas & Gaffney, 2010; Stettler et al.,
2002; Stettler et al., 2002). To the author’s knowledge, this is one of the first studies to
examine perceptions of infant feeding practices comprehensively and longitudinally in
relation to growth and adiposity during the first two years of infants’ lives.
Three unique patterns emerged that identified subpopulations of individuals who
share similar perceptions of infant feeding practices and beliefs: Lower Awareness of
Infant Cues and Concern about Infant Weight (LA+CAIW), High Awareness of Infant
Cues and Low Overall Concern (HA+LC), and Concern About Infant Hunger (CAIH).
The largest group (78.1%), HA+LC, was characterized by mothers who reported high
awareness of infant hunger and satiety cues, low concern about infant being under- or
overweight, and low concern about infant hunger. Mothers who reported lower awareness
of infant cues and greater concern about infant’s weight formed the second largest group,
LA+CAIW (11.7 %). For instance, mothers in this group might have answered more
affirmatively to items on the measure that asked whether they were “upset if baby ate too
much,” or worried “that baby was not eating enough,” and less affirmatively on questions
that asked if they knew “when baby was full” or “when baby was hungry,” compared to
the other two profiles. Finally, mothers who reported the greatest concern about their
infant’s hunger formed the smallest class, CAIH, which was 10.2 % of the mothers. For
instance, mothers in the CAIH group, answered more affirmatively to questions asking
whether mothers “put cereal in baby’s bottle so he/she would stay full longer” or who
believed “baby wanted more than just formula or breast milk,” compared to the other two
profiles.
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This study adds to the existing literature because it examined perceptions of infant
feeding practices among a population at risk for pediatric obesity (i.e., predominantly
low-income families and African American families). Examining how these patterns of
feeding practices differ with regards to socio-demographics may provide some insight
into the mechanisms that contribute to these health disparities. The first two profiles
(LA+CAIW and HA+LC) did not differ among socio-demographic characteristics;
however, CAIH differed significantly from LA+CAIW and HA+LC in terms of race and
income. Mothers who were African American were 2.47 times more likely to be in the
CAIH profile than the LA+CAIW profile and 2.11 times more likely than the HA+LC
profile, while controlling for income and child’s sex. Additionally, a one-unit increase in
income decreased the odds of being in CAIH profile (relative to LA+CAIW profile) by
0.84 and by 0.86 (relative to the HA+LC profile), while controlling for race and child’s
sex. These differences suggest that African American mothers and mothers with lowincome were more likely to report concern about infant hunger. Specifically, African
American mothers and mothers with low-income endorsed higher scores on questions
asking about whether they “put cereal in baby’s bottle so he/she would stay full longer”
or “sleep longer” or reported thinking their infant “wanted more than just formula and/or
breast milk” prior to 4 months of age. These findings are consistent with previous
qualitative research that found African American mothers and mothers with low-income
often reported supplementing babies formula with baby cereal prior to 6 months of age
(Baughcum et al., 1999; Bentley, Gavin, Black, & Teti, 1999). Although these infants did
not have the greatest weight-for-length z-score averages, providing additional nutrition
besides breast or formula milk is not recommended, suggesting parents may benefit from
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more education about infant feeding. Food insecurity is often reported among families
with low-income and may explain the greater concern about infant hunger reported by
this group compared to other profiles (Larsen & Story, 2011). There is mixed evidence
with regard to whether food insecurity is related to pediatric obesity, with some research
suggesting a negative association between food insecurity and weight gain (Rose &
Bodor, 2006), and other research suggesting a positive association between food
insecurity and weight gain accompanied by more controlling feeding styles (Gross et al.,
2012).
Although profiles did not significantly differ in relation to weight-for-length zscores, growth (i.e., changes in weight-for-length or slopes), or weight categories, there
are a number of important findings and trends that warrant discussion. First, there were
significant differences in weight-for-length at 12 months between boys and girls in the
HA + LC profile, such that, girls had lower weight-for-length z-scores on average when
compared to boys, while holding all other variables constant. This finding is interesting,
given that the most recent prevalence study found that girls between the ages of birth and
2 years were more likely to be above the 95th percentile compared to boys (Ogden et al.,
2014). Since this profile had a greater proportion of Caucasian and higher income
mothers compared to the CAIH profile, this trend may reflect a difference specific to
these demographic groups. Research highlights this disparity among older children,
noticing a trend that African American girls are at the greatest risk for severe obesity
(Claire Wang, Gortmaker, & Taveras, 2011). Secondly, African American mothers in the
CAIH profile had infants who’s weight-for-length at 12 and 24 months was significantly
lower than those infants belonging to Caucasian mothers. This difference in infant’s
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weight-for-length may reflect more food insecurity among African American mothers
(Rose & Bodor, 2006), especially given the research that demonstrates formula feeding is
more common among African Americans compared to Caucasians (CDC, 2007).
Additionally, the LA+CAIW group had a greater proportion of infants whose
weight-for-length was greater or equal to 95th %ile at 2 years compared to the HA+LC
and CAIH profiles (d = 0.47; d = 0.42, respectively), keeping in mind there were no
significant differences between profiles when controlling for race, income, and sex.
Difficulty interpreting when infants are hungry or full may contribute to overfeeding of
infants in the LA+CAIW profile. Given that previous research demonstrated low
awareness of infant cues is related to infant weight gain, infants in the LA+CAIW profile
may be at greater risk for pediatric obesity (Worobey et al., 2009). Furthermore, parents
in the LA+CAIW profile expressed greater concern over infant’s weight, which may
contribute to more controlling feeding practices that impact growth and adiposity
development, according to previous research (Gross et al., 2012). Previous studies found
that more maternal control during feeding is associated with greater weight gain among
infants and toddlers (Brown & Lee, 2011; Farrow & Blissett, 2006). For instance, parents
who reported being worried their “baby was eating too much” or “baby was not eating
enough,” may try to restrict or encourage more eating, in contrast to responsive feeding,
which is currently recommended for infant feeding, especially early on during infant’s
development (DiSantis et al., 2011; Kent et al., 2006; Taveras et al., 2004). However, the
directionality of concern and controlling feeding practices is uncertain. Indeed, some
research suggests that more controlling feeding practices by mothers are in response to
perceiving their child as overweight (Rhee et al., 2009); therefore, parents in the
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LA+CAIW profile may be more concerned about their infant overeating or undereating
because they perceive their infants’ weight above or below what they consider average or
healthy. Despite the lack of significant relations between perceptions of infant feeding
practices and outcomes, the characteristics of the infant feeding patterns that emerged are
informative.
This is the first study to comprehensively examine perceptions of infant feeding
practices longitudinally at four weeks and at one year; therefore describing variations in
these infant feeding patterns adds much to the literature on infant feeding. Notably, some
perceptions of infant feeding practices reported by mothers did not differ greatly from
four weeks to 1 year, others changed in a direction that would be unexpected given
current recommendations from the feeding literature, and some fit with what was
expected developmentally. Contrary to expectation, feeding infants on a schedule
decreased across all profiles from 4 weeks to one year, despite current recommendations
that encourage responsive feeding during the first six months and suggest introducing
more structure around mealtimes as infant’s transition to eating solid foods (Kent et al.,
2006; Taveras et al., 2004). Consistent with developmental expectations, using food to
calm infant fussiness decreased from 4 weeks to 12 months across all profiles, which is
expected as infants mature and develop better regulatory capacity (i.e., self-soothing;
DiSantis et al., 2011). Awareness of infant cues across time points for each profile
appeared to be stable suggesting that infants ability to communicate hunger and satiety
cues and a mother’s ability to discern those cues does not change as they develop, or
perhaps the measure is not sensitive enough to adequately measure the developmental
changes in awareness of cues during the first year. Concern about infant’s undereating or
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being underweight and overeating or being overweight did not appear to differ across
time points for all profiles. This suggests the level of concern parents have about infant
undereating or being underweight and overeating or being overweight is steady across the
first year, despite how the infant’s weight or eating may change.
The lack of findings between latent profiles and outcomes may exist for a few
reasons. First, due to smaller sample sizes the LA+CAIW and CAIH profiles may not
have had sufficient power to detect small differences in weight after controlling for sex,
race, and income. Additionally, the constructs measured by the IFQ may not capture or
be sensitive enough to fully assess feeding practices that contribute to pediatric obesity
nor do so in an equivalent manner across subgroups. For instance, measuring maternal
restriction or pressure of infant feeding may be more informative than questions about
mother’s concerns that infants are eating too much or too little. Finally, perhaps if growth
and adiposity were measured past 24 months of age, this study might have found more
effects as a greater number of children developed obesity.
This study is not without limitations. First, infant feeding practices self-reported
by mothers may not reflect actual feeding practices; in fact, a recent study found that
mothers’ self-report of feeding practices was not associated with observed feeding
practices for pre-schoolers (Bergmeier, Skouteris, & Hetherington, 2015). Therefore, the
lack of findings in our study may be attributed to inaccurate reporting of infant feeding
practices. Second, this study was not able to examine how these perceptions of infant
feeding practices fit into the context of whether infants were breastfed or formula fed.
Many of these perceptions of infant feeding practices may be influenced by the method
parents fed their infants. For instance, mothers who breastfed may be more likely to pay
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attention to infant cues of satiety because of fewer external cues influencing perceptions
of how much their infants were eating (e.g., bottle empty or not). Additionally, it is
important to note that this study only examined perceptions of infant feeding practices of
mothers and did not assess the level of involvement of fathers or other caregivers in
infant feeding practices. Similarly, because perceptions of infant feeding practices were
studied across the first year (at 4 weeks and 12 months), infants may have been in the
care of others (e.g., daycare, grandparent, etc.), who were responsible for multiple
feedings, which was unfortunately not assessed in the current study. Previous research
found that mothers living in poverty were just as likely to use daycare for infants as they
were for older children and also found that African American families were more likely
than Caucasian families to use day care centers (Huston, Chang, & Gennetiean, 2002).
Another limitation of this study was the inability to examine income in the context of
household composition (e.g. number of adults and children in the home). Lastly, this
study did not examine how race, sex, and income might interact to predict perceptions of
infant feeding practices and/or adiposity and growth, which is likely important given
previous findings of differential effects (Banks et al., in press).
Future research might consider a lab-based or observational study that will help
improve accuracy of measuring infant feeding practices being examined. Using lab-based
observations of controlled meals, studies have examined children’s self-regulation of
energy intake using a short-term energy-compensation procedure (COMPX) and eating of
palatable foods in the absence of hunger protocols finding that self-regulation of energy
intake is negatively influenced by parent’s controlling mealtime behaviors (Birch &
Johnson, 2000; Johnson & Birch; 1994); however, an analogous study examining similar
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processes among infants and caregivers has not yet been conducted. A study examining
coded observed mealtime interactions and feeding practices during COMPX and Eating
in the Absence of Hunger protocols using latent profile analysis and determining how
patterns relate to growth and adiposity among infants and young children would be a
valuable extension of this study and Birch and Johnson’s (2000) research. Additionally, it
will be important for future studies to include whether mothers breastfed or formula fed
their infants and frequency of feedings (i.e., to determine responsive feeding or scheduled
feeding practices) to provide additional context for perceptions of infant feeding
practices. Finally, other predictors of perceptions of infant feeding practices and as
covariates may be important to consider, such as education, household composition (i.e.
number of caregivers and children), whether the infant attends daycare or is in the care of
other caregivers during specific mealtimes, and interactions between race, sex, and SES.
Despite these limitations this study adds to the literature in a number of ways.
First, this study is one of the first studies to examine perceptions of infant feeding
practices comprehensively and longitudinally across the first year using a novel personcentered approach. Second, this study examined perceptions of infant feeding practices
among a predominately African American and low-income sample, a population often
under-represented in the literature despite being at greater risk for pediatric obesity.
Therefore this study contributes to existing literature by providing key findings about
patterns of perceptions of infant feeding practices that may be targeted for prevention of
pediatric obesity.	
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Table 1
Latent Profile Analyses to Determine Number of Classes
Number
LogAIC
BIC
Entropy
of
Likelihood
Classes
-17009.925 34075.849 34220.179
1

LMR

LMR
p

BLRT p

2

-16427.370

32940.740

33162.388

0.950

1194.204

0.0146

<0.0001

3

-16205.308

32526.617

32825.585

0.861

459.814

0.4815

<0.0001

4

-15859.144

31864.287

32240.574

0.869

403.504

0.0441

<0.0001

Note. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; LMR
= Lo-Mendell-Rubin test; LMR p = Lo-Mendell-Rubin test p-value; BLRT = Bootstrap
Likelihood Ratio Test. Comparison of latent profile models did not extend past the four
class model because the best loglikelihood was not replicated for additional classes.

Table 2
Variable Specific Entropy for Each Indicator
Indicators
CAIU CAIH AIC
CAIBO FIS
UFCI SIDF
4 Weeks
0.374 0.642
0.542 0.399
0.347 0.349 0.356
12 Months
0.371 0.409
0.497 0.412
0.351 0.350 0.355
Note. Indicator abbreviations represent factors from the Infant Feeding Questionnaire.
CAIU = Concern about Infant Being Underweight; CAIH = Concern About Infant
Hunger; AIC = Awareness of Infant Cues; CAIBO = Concern About Infant Being
Overweight; FIS = Feeding Infant on a Schedule; UFCI = Using Food to Calm Infant;
SIDF = Social Interaction During Feeding
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Table 3
Comparison of Latent Profile Indicators for Three-Class Model
Indicator

Mean

S.D.

0.925

0.83

0.446

0.63

0.667

0.78

LA+CAIW

1.055

1.04

HA+LC

0.508

CAIH

0.777

0.96

LA+CAIW

0.066

0.26

HA+LC

0.034

0.22

CAIH

1.797

0.70

LA+CAIW

0.738

1.02

HA+LC

1.008

1.14

CAIH

2.180

1.14

Comparisons

Concern About Infant Underweight
at 4 Weeks
LA+CAIW
HA+LC
CAIH
Concern About Infant Underweight
at 12 Months

0.76

LA+CAIW>CAIH>HA+LC

LA+CAIW>CAIH>HA+LC

Concern About Infant Hunger at 4
Weeks

CAIH>LA+CAIW=HA+LC

Concern About Infant Hunger at 12
Months

CAIH>HA+LC>LA+CAIW

Awareness of Infant Cues at 4 Weeks
LA+CAIW

2.629

0.81

HA+LC

3.796

0.41

CAIH

3.571

0.56

2.687

0.80

3.720

0.51

HA+LC>CAIH>LA+CAIW

Awareness of Infant Cues at 12
Months
LA+CAIW
HA+LC

HA+LC>CAIH>LA+CAIW

(table continues)
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Table 3 (Continued)
Indicator

Mean

S.D.

3.530

0.61

LA+CAIW

0.949

0.91

HA+LC

0.345

0.57

CAIH

0.718

0.71

CAIH

Comparisons

Concern About Infant Being
Overweight at 4 Weeks

LA+CAIW>CAIH>HA+LC

Concern About Infant Being
Overweight at 12 Months
LA+CAIW

0.997

0.87

HA+LC

0.320

0.60

CAIH

0.675

0.82

LA+CAIW

1.862

0.60

HA+LC

1.983

0.73

CAIH

1.943

0.80

LA+CAIW

1.504

1.09

HA+LC

1.250

1.11

CAIH

1.529

1.06

LA+CAIW

1.890

1.15

HA+LC

1.685

1.14

CAIH

1.890

1.07

LA+CAIW>CAIH>HA+LC

Feeding Infant On A Schedule at 4
Weeks

HA+LA>LA+CAIW; HA+LC =
CAIH; CAIH = LA+CAIW

Feeding Infant on a Schedule at 12
Months

CAIH>HA+LC; HA+LC>LA+CAIW;
CAIH=LA+CAIW

Using Food To Calm Infant
Fussiness at 4 Weeks

HA+LC < CAIH; LA+CAIW = CAIH;
LA+CAIW = HA+LC

Using Food To Calm Infant
Fussiness at 12 Months

(table continues)
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Table 3 (Continued)
Indicator

Mean

S.D.

LA+CAIW

1.585

1.08

HA+LC

1.443

1.14

CAIH

1.669

1.20

LA+CAIW

2.949

0.99

HA+LC

3.311

CAIH

3.229

0.82

LA+CAIW

2.759

0.91

HA+LC

3.020

0.92

CAIH

2.691

1.01

Comparisons
HA+LC < CAIH;
LA+CAIW=HA+LC; HA+LC =
CAIH

Social Interaction During Feeding at
4 Weeks

0.79

HA+LC > CAIH = LA+CAIW

Social Interaction During Feeding at
12 Months

HA+LC = CAIH > LA+CAIW

Note. All indicators were compared using Chi-Square Difference Test. Significant
differences are represented by > or < , if p was less than 0.05
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Table 4
Demographic and Weight Status for the Three Latent Profiles
LA+CAIW HA+LC
CAIH
n = 150;
n = 999;
n = 131;
11.7%
78.1%
10.2%
n (%)
n (%)
n (%)
Race/Ethnicity

Comparisons

Black or African
American, non-Hispanic
Weight Categories at 2
years
WHZ < 85th %ile

82 (54.5%)

640 (64.1%)

114 (87.3%)

CAIH > HA+LC =
LA+CAIW

91 (60.4%)

732 (73.3%)

99 (75.3%)

WHZ < 85th %ile < 95th

23 (15.7%)

146 (14.7%)

15 (11.5%)

WHZ < 95th %ile

36 (23.9%)

120 (12.0%)

17 (13.2%)

LA+CAIW =
HA+LC = CAIH
LA+CAIW =
HA+LC = CAIH
LA+CAIW =
HA+LC = CAIH

Male

74 (49.1%)

494 (49.5%)

72 (54.7%)

Annual Household
Income
<$14,999

38 (25.7%)

256 (25.6%)

67 (51.5%)

$15,000-$24,999

8 (5.6%)

153 (15.3%)

27 (20.7%)

$25,000-$34,999

15 (10.3%)

119 (11.9%)

10 (7.7%)

$35,000-$44,999

7 (4.9%)

82 (8.2%)

8 (6.3%)

$45,000-$54,999

12 (7.8%)

83 (8.3%)

7 (5.7%)

$55,000-$64,999

16 (10.5%)

60 (6.0%)

2 (1.8%)

$65,000-$74,999

20 (13.4%)

61 (6.1%)

3 (2.5%)

$75,000+

35 (23.7%)

185 (18.6%)

5 (3.8%)

Sex of Child
LA+CAIW =
HA+LC = CAIH

CAIH < HA+LC =
LA+CAIW

Note. Weight percentiles were calculated from Weight-for-length z-scores at 2 years.
LA+CAIW represents the Lower Awareness of Infant Cues + Concern About Infant
Weight profile. HA+LC represents the High Awareness of Infant Cues + Lower Overall
Concern profile. CAIH represents the Concern about Infant Hunger profile.
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Table 5
Demographic Differences (Predictors) Across the Latent Profiles
Class
Estimate
S.E.
Est/S.E.
p-value
Odds Ratio
HA+LC vs. LA+CAIW
Sex (female)
1.025
0.025
0.143
0.173
0.863
Income
0.969
-0.031
0.026
-1.201
0.230
Race (black)
1.171
0.158
0.165
0.955
0.340
CAIH vs. LA+CAIW
Sex (female)
0.901
-0.104
0.230
-0.451
0.652
Income
0.838
-0.177
0.042
-4.213
<0.001
Race (black)
2.474
0.906
0.342
2.647
0.008
CAIH vs. HA+LC
Sex (female)
0.879
-0.129
0.195
-0.659
0.510
Income
0.864
-0.146
0.035
-4.143
<0.001
Race (black)
2.113
0.748
0.315
2.378
0.017
Note. LA+CAIW represents the Lower Awareness of Infant Cues + Concern About
Infant Weight profile. HA+LC represents the High Awareness of Infant Cues + Lower
Overall Concern profile. CAIH represents the Concern About Infant Hunger profile

Table 6
Regression (BCH) Model Including Predictors of Classes and Outcomes
Estimate

S.E

Est./S.E.

p-value

-0.218
-0.035
0.102
0.927

0.160
0.027
0.205
0.138

-1.367
-1.307
0.497
6.723

0.172
0.191
0.619
<0.001

-0.052
-0.020
0.225
0.457

0.211
0.032
0.248
0.167

-0.245
-0.613
0.906
2.734

0.806
0.540
0.365
0.006

-0.318
-0.020
0.171
1.323

0.200
0.036
0.224
0.157

-1.594
-0.553
0.763
8.406

0.111
0.580
0.446
<0.001

LA + CAIW Profile
WHZ at 12 Months ON
Sex
Income
Race
WHZ at 12 Months Intercept
WHZ at 24 Months ON
Sex
Income
Race
WHZ at 24 Months Intercept
Change in WHZ from birth to 12 months ON
Sex
Income
Race
Change in WHZ from birth to 12 months
Intercept
Change in WHZ from 12 to 24 Months ON

(table continues)
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Table 6 (Continued)
Sex
Income
Race
Change in WHZ from 12 to 24 Months
Intercept

Estimate
0.127
0.010
0.084
-0.443

S.E
0.133
0.023
0.169
0.111

Est./S.E.
0.956
0.417
0.499
-3.982

p-value
0.339
0.677
0.618
<0.001

-0.147
-0.020
-0.131
0.815

0.074
0.013
0.089
0.067

-1.991
-1.537
-1.465
12.250

0.047
0.124
0.143
<0.001

-0.350
-0.005
-0.071
0.395

0.085
0.014
0.098
0.074

-4.107
-0.362
-0.718
5.328

<0.001
0.717
0.473
<0.001

-0.076
-0.023
-0.061
1.395

0.091
0.016
0.108
0.078

-0.830
-1.416
-0.561
17.781

0.407
0.157
0.575
<0.001

-0.156
0.012
0.051
-0.414

0.061
0.011
0.080
0.058

-2.570
1.081
0.638
-7.115

0.010
0.280
0.524
<0.001

0.136
-0.039
-0.790
1.363

0.237
0.041
0.327
0.304

0.573
-0.957
-2.413
4.490

0.567
0.339
0.016
<0.001

0.086
-0.065
-0.915
0.904

0.289
0.057
0.361
0.275

0.298
-1.144
-2.532
3.291

0.766
0.253
0.011
0.001

0.313
-0.082
-0.236
1.320

0.260
0.046
0.301
0.239

1.201
-1.781
-0.785
5.518

0.230
0.075
0.433
<0.001

HA + LC Profile
WHZ at 12 Months ON
Sex
Income
Race
WHZ at 12 Months Intercept
WHZ at 24 Months ON
Sex
Income
Race
WHZ at 24 Months Intercept
Change in WHZ from birth to 12 months ON
Sex
Income
Race
Change in WHZ from birth to 12 months
Intercept
Change in WHZ from 12 to 24 Months ON
Sex
Income
Race
Change in WHZ from 12 to 24 months
Intercept
CAIH Profile
WHZ at 12 Months ON
Sex
Income
Race
WHZ at 12 Months Intercept
WHZ at 24 Months ON
Sex
Income
Race
WHZ at 24 Months Intercept
Change in WHZ from birth to 12 months ON
Sex
Income
Race
Change in WHZ from birth to 12 months
Intercept

(table continues)
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Table 6 (Continued)
Estimate

S.E

Est./S.E.

p-value

-0.069
-0.019
-0.106
-0.429

0.210
0.046
0.255
0.148

-0.331
-0.410
-0.415
-2.910

0.741
0.682
0.678
0.004

Change in WHZ from 12 to 24 Months ON
Sex
Income
Race
Change in WHZ from 12 to 24 Months
Intercept

Note. WHZ = weight-for-length z-score. LA+CAIW represents the Lower Awareness of
Infant Cues + Concern About Infant Weight profile. HA+LC represents the High
Awareness of Infant Cues + Lower Overall Concern profile. CAIH represents the
Concern about Infant Hunger profile.

Table 7
Average Weight-for-Length and Weight-for-Length Category Percentages for Each Class
Outcomes

LA+CAIW

HA+LC

CAIH

M (S.D.)

M (S.D.)

M (S.D.)

0.949 (1.37)

0.737 (1.23)

0.728 (1.43)

0.640 (1.74)

0.347 (1.49)

0.175 (1.78)

WHZ change from
Birth to 12 Months
(slope)

1.379 (1.68)

1.368 (1.52)

1.283 (1.43)

WHZ Change from 1
Year to 2 Years
(slope)

-0.340 (1.11)

-0.384 (0.98)

-0.475 (1.18)

n (%)

n (%)

n (%)

23 (15.7%)

146 (14.7%)

15 (11.5%)

36 (23.9%)
120 (12.0%)
WHZ > 95th %ile
Note. WHZ = weight-for-length z-score.

17 (13.2%)

WHZ at 12 Months
WHZ at 24 Months

WHZ > 85th %ile <
95th %ile
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Table 8
Inferential Statistics for Class Differences in Weight-for-Length z-score Intercepts at 12
months and 24 months and Weight-for-Length Change score Intercepts Across the Latent
Profiles
Outcomes
X2 Difference
df
p value
Test
WHZ at 12 Months
LA+CAIW vs HA+LC
LA+CAIW vs CAIH
HA+LC vs CAIH

0.608
1.766
1.790

1
1
1

0.436
0.184
0.181

WHZ at 24 Months
LA+CAIW vs HA+LC
LA+CAIW vs CAIH
HA+LC vs CAIH

0.126
1.790
2.733

1
1
1

0.723
0.181
0.098

WHZ change from Birth
to 12 Months (slope)
LA+CAIW vs HA+LC
LA+CAIW vs CAIH
HA+LC vs CAIH

0.186
0.000
0.088

1
1
1

0.666
1.000
0.767

WHZ Change from 1
Year to 2 Years (slope)
LA+CAIW vs HA+LC
LA+CAIW vs CAIH
HA+LC vs CAIH

0.057
0.006
0.007

1
1
1

0.812
0.937
0.934

BMI > 85th %ile
LA+CAIW vs HA+LC
LA+CAIW vs CAIH
HA+LC vs CAIH

0.574
0.248
0.002

1
1
1

0.449
0.619
0.965

BMI > 95th %ile
LA+CAIW vs HA+LC
0.052
1
0.819
LA+CAIW vs CAIH
0.064
1
0.801
HA+LC vs CAIH
0.158
1
0.691
Note. . WHZ = weight-for-length z-score. LA+CAIW represents the Lower Awareness of
Infant Cues + Concern About Infant Weight profile. HA+LC represents the High
Awareness of Infant Cues + Lower Overall Concern profile. CAIH represents the
Concern About Infant Hunger profile.
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Table 9
Covariate Regression Model Examining Variance in Outcomes Accounted for by
Predictors of Latent Profiles
Outcomes
R-Square
S.E. Est./S.E. P-Value
Estimate
LA + CAIW
Change in WHZ from
0.021
0.021
0.981
0.327
birth to 12 months
Change in WHZ from 12
0.006
0.011
0.556
0.578
to 24 months
WHZ at 12 months
0.035
0.027
1.302
0.193
WHZ at 24 months
0.015
0.019
0.801
0.423
HA + LC
Change in WHZ from
birth to 12 months
Change in WHZ from 12
to 24 months
WHZ at 12 months
WHZ at 24 months

0.003

0.004

0.841

0.400

0.009

0.006

1.459

0.145

0.008
0.020

0.006
0.009

1.235
2.130

0.217
0.033

CAIH
Change in WHZ from
0.036
0.038
0.941
0.347
birth to 12 months
Change in WHZ from 12
0.003
0.012
0.278
0.781
to 24 months
WHZ at 12 months
0.044
0.033
1.338
0.181
WHZ at 24 months
0.049
0.036
1.355
0.175
Note. WHZ = weight-for-length z-score. LA+CAIW represents the Lower Awareness of
Infant Cues + Concern About Infant Weight profile. HA+LC represents the High
Awareness of Infant Cues + Lower Overall Concern profile. CAIH represents the
Concern About Infant Hunger profile.
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Table 10
Regression Model Examining Variance in Outcomes Accounted for by Differences in
Latent Profiles
Outcomes
Effect Size
R-Square
Estimate
LA + CAIW vs. HA + LC
WHZ at 12 months
0.05
0.000183
WHZ at 24 months
0.03
0.000045
Change in WHZ from birth to 12 months
-0.03
0.000056
Change in WHZ from 12 to 24 months
-0.02
0.000017
LA + CAIW vs. CAIH
WHZ at 12 months
WHZ at 24 months
Change in WHZ from birth to 12 months
Change in WHZ from 12 to 24 months

-0.16
-0.17
0.00
-0.01

0.001641
0.001802
0.000000
0.000005

HA + LC vs. CAIH
WHZ at 12 months
-0.24
0.003403
WHZ at 24 months
-0.21
0.002650
Change in WHZ from birth to 12 months
0.03
0.000056
Change in WHZ from 12 to 24 months
0.01
0.000004
Note. WHZ = weight-for-length z-score. LA+CAIW represents the Lower Awareness of
Infant Cues + Concern About Infant Weight profile. HA+LC represents the High
Awareness of Infant Cues + Lower Overall Concern profile. CAIH represents the
Concern About Infant Hunger profile.
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LA+CAIW (n =
150; 11.7%)

2.5
2

CAIH (n = 131;
10.2%)

1.5

z-scores

HA+LC (n = 999;
78.1%)

3

1
0.5
0
-0.5
-1
-1.5
-2

Figure 1. Latent Profiles of Perceptions of Infant Feeding Practices. Standardized scores
of Infant Feeding Questionnaire factors at four weeks and 12 months are represented by
one line for each separate latent profile.
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